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Abstract
· AIM:Tocompareifthereisanimprovementinvisual
functionswithage-relatedcataractsbetweenpatients
receivingaasphericalintraocularlens (IOL)basedon
corneal wavefront aberration and patients randomly
assignedlenses.
· METHODS:Atotalof124eyesof124patientswith
age-relatedcataractswereplacedinexperimentalgroup
andagroupreceivingrandomlyassigned (RA)lenses.
The experimental group was undergone Pentacam
corneal spherical aberration measurement before
surgery;thetargetedrangeforresidualtotalspherical
aberrationaftersurgerywassetto0-0.3 滋m.Patients
with a corneal spherical aberration 约0.3 滋m were
implantedwithazero-sphericalaberrationadvanced
optics (AO) aspherical IOL and patients with an
aberration 逸0.3 滋mreceivedaTecnisZ9003aspherical
lensinexperimentalgroup.RApatientswererandomly
implantedwithanAOlensoraTecnisZ9003lens.Three
monthsaftersurgerytotalsphericalaberration,photopic/
mesopiccontrastsensitivities,photopic/mesopicwith
glarecontrastsensitivities,andlogMARvisionwere
measured.
· RESULTS: Statistical analysis on logMAR vision
showednosignificantdifferencebetweentwogroups
( =0.413).Thepost-surgicaltotalsphericalaberration
was 0.126 依0.097 滋m and 0.152 依0.151 滋m in the
experimentalandRAgroups,respectively(=0.12).The
mesopiccontrastsensitivitiesatspatialfrequenciesof6,
12 and 18 c/d in the experimental group were
significantlyhigherthanoftheRAgroup( =0.00; =0.04;
=0.02).Themesopicwithglarecontrastsensitivityin
theexperimentalgroupataspatialfrequencyof18c/d
wasalsosignificantlyhigher theRAgroup( =0.01).
· CONCLUSION: Pre-surgical corneal spherical
aberrationmeasurementincataractpatientsfollowedby
customized selection of aspherical IOL implants
improvedmesopiccontrastsensitivitiesathighspatial
frequencies,andthusisasuperiorstrategycomparedto
therandomselectionofaspherical intraocular lens
implants.
· KEYWORDS: intraocularlens;cataractextraction;corneal
wavefrontaberration;mesopicvision;nightvision
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INTRODUCTION
C
ataractphacoemulsificationandintraocularlens(IOL)
implantation arecommontechniquesfortreating
cataracts.Ophthalmologistsoftenseektodecreasethe
post-operativeaberrationofthewholeeyeandimprovethe
qualityofthepatient'svision.Asphericalintraocularlenses
arewidelyusedinintraocularlensimplantation.Here,the
goalistocanceltheaberrationinthehumancornea,thus
reducingthetotalaberrationofthewholeeyeaftersurgery
andimprovingvisualacuity.Recentclinicalstudieshave
shownthatasphericalintraocularlensessignificantlyimprove
post-operativevisionincataractpatientscomparedwith
traditionalintraocularlenses
[1,2].Awiderangeofaspherical
intraocularlenses is currentlyavailableforclinical
application,althoughthevalueaddedfromtheasphericity
differsbetweenthem.Twoquestionsemerge:1)Cana
randomchoiceofdifferenttypesofasphericalintraocular
lensesusedforimplantationbenefitallcataractpatients,and
2)cancustomizedimplantationofcorrespondingaspherical
intraocularlenses,whichhaveanegativesphericalaberration
basedonthepre-surgicalcornealsphericalaberration,
improvevisualquality.Wereporttheresultsofaprospective,
controlledstudyconductedtoaddressthesequestions.
SUBJECTSANDMETHODS
Subjects Onehundredandtwenty-four(124eyes)with
age-relatedcataractswereincludedinthisstudy [67males
and55females,aged51-84(mean69依7y)].Theselection
criteriawereasfollows: 逸50and 臆85yearsoldand
diagnosedwithonlyage-relatedcataracts;pre-surgicalaxial
range:22-26mm;normalcognition;normaltearfilm;the
abilitytoattendfollow-upsasscheduled.Theexclusion
criteriawereasfollows:previoushistoryofimpairedvisual
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recoveryaftersurgery,includingpre-surgicaleyetrauma,
retinaldiseases,glaucomaandcornealdisease;historyof
cornealrefractive surgery;post-surgical complications,
includingincreasedintraocularpressureandendophthalmitis.
Informedandwrittenconsentwasobtainedfrom all
individuals,andthestudywasapprovedbythelocalethical
reviewboardsinaccordance withtheDeclarationof
Helsinki.
ClinicalObservations 1)Slitlampmicroscopy:Beforeand
1d,1wk,and3moaftersurgery,thedegreeofcornealedema,
woundhealingstatus,andanteriorchamberreactionswere
examinedandrecorded.2)Patientsweremeasuredbefore
and3moaftersurgery,usingthePentacamanteriorsegment
measurementandanalysissystem(Oculus,Germany).
Measurementswereperformedbythesameperson,andthe
testresults,whichwererepeatableandwithcompletetear
film,wereaveragedandrecorded.3)Fivemeterdistance
visionwasmeasuredaccordingtotheinternationalstandard
visionchartandthelogMARvisionwasrecorded.Usingan
AllegrettoWaveAnalyzertotalsphericalaberrationmeter
(WavelightAG,Germany),theaberrationofthewholeeye
wasmeasuredwiththe6mmpupildiameter.Ineachcase,
thehighest-qualityimageswereusedto establishthe
parametersandcalculatetheaverage.Contrastandglare
sensitivitiesweredeterminedusingcontrastsensitivity
examinationequipment(OPTEC-6500, Stereo Optical,
USA).Atthethree-monthfollow-up,thebestcorrected
distancevisualacuity,whole-eyeaberration,andthecontrast
sensitivitiesmeasuredunderthefollowingconditions,
photopic(lightintensity:85cd/m
2),photopicwithglare
(glareintensity:135Lx),mesopic(lightintensity:3cd/m
2),
andmesopicwithglare(glareintensity:28Lx).Therecorded
contrastsensitivityvaluesweretransformedintologvalues.
CriteriaforReceivingaAsphericalIOLBasedon
CornealWavefrontAberrationandPatientGrouping
WangandKoch
[3] providedadetailedreviewofwhole-eye
aberrationvalues.Withadefocusof0.00or-0.50D,most
eyesachievedthebestimagequalityatanocularSAof-0.10
to0.00 滋mand0.15to0.30 滋m,respectively.Therefore,the
post-surgicalwhole-eyerefractivestatuswasmaintained
between0and-0.5D.TherefractionoftheIOLwas
calculatedaccordingtoanIOLMasterMeasurement.The
goalofacustomizedselectedasphericalIOLimplantisto
achieveatargetedtotalsphericalaberrationbetween0and
0.3 滋maftersurgery.Thepatientsweredividedintotwo
groupsbasedonthesequenceofadmission.Anexperimental
groupincludedpatientsreceivingasphericalintraocular
lenses basedontheirpre-surgicalcorneal spherical
aberration.Theselectionmethodwasasfollows:Whenthe
cornealsphericalaberrationwas<0.3 滋m,thepatient
receivedanAkreosAOIOLimplant(Bausch&Lomb,Inc,
SanDimas,California,USA.);whenthecornealspherical
aberrationwas 逸0.3 滋m,thepatientreceivedaTecnis
Z9003IOLimplant (AdvancedMedicalOptics,Inc,Santa
Anna,California,USA).Intherandomassignmentgroup
(RA), patientsreceivedanAkreosAOorTecnisZ9003IOL
implantbasedontheresultofacointoss.Becausethe
AcrysofIQblue-blockingIOLwitha-0.2 滋maberration
mightaffectcontrastsensitivity,itwasnotincludedinthe
study.
SurgicalMethods Surgerywasperformedfollowingocular
anesthesiaandemployedatransparentcornealincision.The
mainincisionwasmadeatthe10o'clockpositionwitha3.0mm
disposablemicrokeratome,andanauxiliaryincisionwas
madeonthecornealedgeatthe2o'clockpositionusinga15°
cornealpunctureknife.Afterinjectionofaviscoelasticagent
intotheanteriorchamber,acontinuous5.5mmdiameter
circularcapsulorhexis wasperformed. Ultrasonic
emulsificationwasappliedtothelensandtheresidualcortex
aspirated,afterwhichtheIOLwasimplantedinthelens
capsuleandtheviscoelasticagentremoved.
StatisticalAnalysis ThedatawasanalyzedusingSPSS17.0
statisticalsoftware(SPSSInc.);alldataareexpressedasthe
meanandstandarddeviation.Thedataweretestedwiththe
Shapiro-Wilktesttodetermineifitwasnormallydistributed,
andifthistestfailedthennon-parametricstatisticaltestswere
used.Statisticalanalyseswereperformed using
Mann-Whitney testandSpearman'scorrelationtest,and
the
2-test. values 臆0.05wereconsideredtoindicatea
statisticallysignificantdifference.
RESULTS
GeneralConditions Therewasnostatisticalsignificance
( >0.05)betweenthenumberofeyesintheexperimental
andRAgroups,thegenderorageofthepatients,theaxial
length,ortherefractionoftheimplantedIOL(Table1).The
intraocularlensesinallofthepatientswerepositioned
normallyatfollow-up.Nosignificantopacitywasobservedin
the posteriorcapsuleofthelens,and post-operative
complicationswerenotfound.
Pre-andPost-surgicalCornealSphericalAberration
andPost-surgicalTotalSphericalAberration Before
surgery,therewasnostatisticallysignificantdifference
( =0.569) inthe total cornealsphericalaberration
(includinganteriorandposteriorcornealsurfaces,SA)ofthe
experimental(0.297依0.149 滋m) theRAgroup(0.303±
0.124 滋m),norwasthereasignificantpost-operative
differenceatthreemonths (0.281依0.129 滋m 0.299依
0.110 滋m,respectively; =0.362).Inaddition,the6mm
pupildiametertotalsphericalaberrationmeasuredthree
monthsaftersurgerywasalsonotshownsignificantly
differentbetweentheexperimentalandRApatients(0.126±
0.097 滋m 0.152 ± 0.151 滋m,respectively; =0.12.
Thetotalsphericalaberrationinthetargeted0-0.3 滋mrange
wasachievedin85.5%oftheexperimentalpatients(53/62)
817Table 1 Cataract patients in the control and experimental groups                                         s x–  
Gender 
Parameters 
Total 
number of 
eyes (n)  M  F 
Age 
(a) 
Axial length 
(mm) 
Intraocular lens 
(D) 
AO
1 
( n ) 
Tecnis
2 
( n ) 
Experimental  62  32  30  70 ± 10.25  23.77 ± 0.91  21.66 ± 1.76  27  35 
Random   62  35  27  68 ± 8.77  23.86 ± 1.13  21.35 ± 2.14  33  29 
t    0.475
a  0.824  -0.937  0.886  1.663
a 
P    0.491  0.436  0.376  0.373  0.181 
a The χ
2 value; 
1Akreos AO intraocular lens implant (Bausch & Lomb,Inc.); 
2Tecnis Z9003 intraocular lens implant (Advanced 
Medical Optics, Inc.) 
(Figure1A),butonly59.7%oftheRApatients(37/62)
(Figure1B).
Post-surgical LogMAR Vision Threemonthsafter
surgery,thecorrecteddistancevisionwas0.032± 0.055inthe
experimentalgroupand0.035± 0.053intheRAgroup,which
wasnotstatisticallysignificant( =0.304).
ContrastandGlareSensitivitiesThreeMonthsAfter
Surgery Threemonthsaftersurgery,comparisonbetween
thetwogroupsshowedsimilarenhancementofcontrast
sensitivities under photopic and photopic withglare
conditions(Table2).
However,intheexperimentalgroupthemesopiccontrast
sensitivitieswere1.891依0.197,1.147依0.207and0.742依0.200,
whentestedattherespectivespatialfrequenciesof6,12and
18c/d.Thesevaluesweresignificantlyhigherthanthevalues
seenintheRAgroupunderthesameconditions(1.691依0.151;
1.048依0.172;0.635依0.224)(Figure2A).Themesopicwith
glarecontrastsensitivityintheexperimentalgroupwas
0.672 依0.234ataspatialfrequencyof18c/d,andwas
significantlyhighercomparedwiththatoftheRAgroup
(0.565依0.278)(Figure2B).
CorrelationofthePredictedandMeasuredValuesof
Post-SurgicalAberration Thetotalsphericalaberration
waspredictedaccordingtothesimplifiedformulaSAeye =
SAindividualcornea+SAlens
[4].TheSAindividualcornea wasthe6mmpupil
diametercornealaberrationmeasured1dbeforethesurgery.
TheSAlens oftheAkreosAOIOLwas0滋 m,andthatofthe
TecnisZ9003IOLwas-0.27 滋m.Thepredictedvaluesof
thetotalsphericalaberrationwerepositivelycorrelatedwith
thevaluesmeasuredafterthesurgery(R
2=0.66, <0.01;
Figure 3). Thedifferencebetweenthe predicted and
measuredpostoperativeSAfortheentire investigated
populationshowedthatthemeanabsoluteerrorwas0.043±
0.064 滋m.
DISCUSSION
AsphericalintraocularlensesarewidelyusedinIOL
implantation. Studieshaveshown
[5-8] thataspherical
intraocularlenses,includingtheAcrysofSN60WF,Tecnis
andAkreosAO,reducedpost-surgicalwhole-eyeaberration
andimprovedthequalityofvisioninpatients,comparedto
thesphericalintraocularlensesoftheircountertypes(Acrysof
SN60AT,SensarAR40eandAkreosFit).Theaddedvalue,
aswellasthedesignideas,differsforthevariousaspherical
intraocularlenses.TheTecnislensserieshasanaddedvalue
of-0.27 滋mandwasdesignedforanaveragecorneal
sphericalaberrationinpatients.Theaimherewastoreduce
thewhole-eyeaberrationtozero.TheAkreosAOlensisan
asphericalIOLwithazero-aberrationdesignandthegoal
wastoprovideacertaindepthoffocusandmaintainbetter
imageregulationabilitywithoutincreasingthepositive
sphericalaberration
[9].However,thevariationinspherical
aberrationofthehumancorneaisrelativelylarge.Wang
[10]
observedthedistributionofhigh-levelimagingfromthe
anteriorcornealsurfaceinagivenpopulation(134cases,228
eyes;aged20-79y).Theirresultsshowedthatthespherical
Figure1Distributionofpatienttotalsphericalaberration
threemonthsafterthesurgery A:Experimentalgroup.The
shadedareashowsthenumberofpatientsthatfellwithinthetargeted
rangeof0.0to0.3 滋mandrepresents85.5%ofthepatients(53/62);
B:Randomassignmentgroup.Theshadedarearepresentsonly
59.7%ofthepatients(37/62).
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aberrationfromtheanteriorcornealsurfacevariedbetween
individuals,andthatthevalueswereallpositiveand
averaged0.280± 0.086 滋m.He
[11] studiedtheanterior
cornealsurfaceaberrationofbotheyesin45youngpeople
andfoundthattheaveragesphericalaberrationcoefficient
was0.30 ± 0.08 滋m.Tong
[12] measuredthe6mm
anteriorcornealsphericalaberrationin144cases(188eyes)
ofage-relatedcataractpatientsandreportedameanof
0.231依0.092 滋m(range:-0.096to0.469 滋m).Inagreement
Table 2 Contrast sensitivity (log values) under photopic, photopic with glare, mesopic, and mesopic with glare conditions 
Cycles per degree  Experimental  RA  P  
Photopic contrast       
1.5  1.77±0.18  1.78±0.16  0.69 
3  1.91±0.31  1.90±0.29  0.98 
6  1.92±0.21  1.89±0.22  0.49 
12  1.22±0.23  1.23±0.21  0.67 
18  0.95±0.66  0.82±.33  0.19 
Photopic contrast with glare       
1.5  1.70±0.20  1.73±0.19  0.61 
3  1.76±0.23  1.75±0.20  0.88 
6  1.86±0.21  1.82±0.16  0.22 
12  1.16±0.22  1.10±0.19  0.15 
18  0.83±0.25  0.77±0.25  0.08 
Mesopic contrast       
1.5  1.69±0.20  1.71±0.21  0.60 
3  1.77±0.19  1.75±0.20  0.64 
6  1.89±0.20  1.69±0.15  0.00
b 
12  1.15±0.21  1.05±0.17  0.04
a 
18  0.74±0.20  0.64±0.23  0.02
a 
Mesopic contrast with glare       
1.5  1.62±0.15  1.60±0.16  0.64 
3  1.73±0.18  1.66±0.19  0.06 
6  1.76±0.22  1.71±0.18  0.08 
12  1.04±0.2  1.00±0.16  0.23 
18  0.67±0.23  0.57±0.28  0.01
b 
a Significantly different at 0.05 level; 
bSignificantly different at 0.01 level. 
Figure2Contrastsensitivitiesatdifferentspatialfrequencies
fortheexperimental (Exp)andrandomlyassigned(RA)
groupsthreemonthsaftersurgery A:Mesopicconditions;B:
Comparisonofmesopicwithglare.Significantcomparisonsbetween
Exp RAareindicated(
a臆0.05,
b 臆 0.01).
Figure3Correlationbetweenpredictedandmeasuredvalues
ofthetotalocularaberrationthreemonthsafterthesurgery.
819withthepreciousfinding,wefoundthetotalcorneal
sphericalaberrations(includinganteriorandposteriorcorneal
SA)beforesurgeryoftheexperimentalandRAgroupswere
0.297 依0.149 滋mand0.303 依0.124 滋mrespectively(total
rangeforallpatients:0.03to0.639 滋m).Thus,ifcorneal
sphericalaberrationisnotmeasuredbeforeIOLimplantation
andtheasphericalIOLisselectedrandomly,theoptimum
expectedpost-surgicaltotalsphericalaberrationmightnotbe
achievedforallpatients.
Thepurposeofcustomized selected aspherical IOL
implantationbasedoncornealaberrationistoreducea
patient'saberrationandkeepthiswithinatargetrange.We
setthetargetedresidualtotalsphericalaberrationafter
surgerybetween0-0.3 滋mandachievedapost-surgicaltotal
sphericalaberrationof0.120依0.097 滋mintheexperimental
group.Althoughthetotalsphericalaberrationwasnot
significantlydifferentbetweentheexperimentalandRA
patientsthreemonthsaftersurgery,ahigherproportionof
experimentalpatientsfellwithinthetargetedrangecompared
toRApatients.Nochez
[13] performedacustomized
selectedasphericalIOLimplantationinordertoproducea
residualocularSAcloseto+0.10 滋mandachievedafinal
ocularSAof0.085± 0.084 滋maftersurgery.Packer
[14]
selectedanaspheric IOLfor implantationbased on
preoperativecornealsphericalaberrationandthelabeledIOL
(AO,AcrySofIQandTecnisZ9002)sphericalaberration,
suchthatthearithmeticsumofthesetwovalueswasclosest
tozero.Theresultshowedthattotalpostoperativeocular
sphericalaberrationfortheentirepopulationmeasured
-0.013 ± 0.072 滋m.However,thisstudy
[14] lackeda
randomimplantgroupforevaluationofvisualfunction.
Althoughtheysuggestedthatcustomizedselectedaspherical
IOLimplantsimprovedthepost-surgicaltotalspherical
aberrationtoclosetozero,noevidencewasprovidedasto
whethervisualqualitywasfurtherimproved.
Theultimategoalinreducingapatient'saberrationtothe
targetedrangeistoprovideabettervisualoutcomeafterthe
surgery.CustomizedselectedasphericalIOLimplantation
wouldbemeaninglessifitonlyachievedthetargeted
aberrationwithoutimprovingvisualfunction.Therefore,
contrastsensitivitywasexaminedafterthesurgeryinboth
groups.Theresultsshowedthatcontrastsensitivityinthe
mesopicandmesopicwithglareconditionsatmiddleand
highspatialfrequencieswasbetterintheexperimental the
RAgroup.Thisfindingisinagreementwithasimilarrecent
studybyNochez
[13] inwhichpatientswereimplanted
withzero-aberrationAcri.Smart46LClenses(thereference
group)orAcri.Smart36Alenses(experimentalgroup)based
onpre-surgicalcornealsphericalaberration.Theseauthors
showedthatundermesopicconditionsathighspatial
frequencies,thecontrastsensitivitywassignificantlybetterin
theexperimentalgroup.Thefinaltargetocularspherical
aberrationbetween0.07 滋mand0.10 滋mshouldbe
consideredtobethebestcompromisebetweensubjective
depthoffocusandobjectivecontrastsensitivity
[15].Beiko
[16]
performedasimilarclinicaltrial,inwhichpatientswere
dividedintotwogroups,onewithacornealspherical
aberrationgreaterthan+0.33 滋m,andagroupforwhich
cornealsphericalaberrationwasnotmeasured.Patientsin
bothgroupsreceivedaTecnisIOL (aberration:-0.27 滋m)
implant.Theresultsindicatedthatthevisualcontrast
sensitivityinthecustomizedimplantgroup( thosebased
onpre-surgicalmeasurements)washigherthanthatofthe
controlgroup.Theseresultsunderscorethenecessityof
customizingasphericalIOLimplantation,especiallyfor
patientswithahigherrequirementformesopicornightvision
( .taxidrivers).
Ourstudyshowedthatthepre-operativepredictedvaluesof
thetotalsphericalaberrationwerepositivelycorrelatedwith
thevaluesmeasuredafterthesurgery( =0.811, <0.01).
However,wefoundameanabsolutepredictiveerrorof
0.043± 0.064 滋mforpostoperativeSAinagreementwith
Nochez
[13] (0.040± 0.047 滋m)andverysimilartothat
ofPacker
[14] (0.058 ± 0.056 滋m)whotestedthree
different IOLs (AO,AcrySofIQandTecnis).Minor
variationsinpredictivevaluewereexplainedasaresultof
the postoperativeaperture sizebeinglimitedbythe
capsulorhexisandbyvariationsinpupildilatation
[14].Inour
study,oneshouldbeawarethattherewereminorvariations
inthecornealsphericalaberrationbeforeandaftersurgery
betweenthetwogroups(pre:0.297依0.149 滋mand0.303
±0.124滋m,post:0.281±0.129滋mand0.299依0.110滋m).These
variationsofcornealsphericalaberrationmaybeoneofthe
reasonsforthepredictiveerrorofpostoperativeSA.
Furtherclinicalstudiesareneededontheselective
implantationofasphericalIOLbasedoncornealaberrations.
TherearerelativelyfewtypesofasphericalIOLtochoose
fromandtheasphericalparametersarenotcomprehensive,
butthismightstillbeafuturetrend.Followingthe
developmentofcornealrefractivesurgeryinrecentdecades,
myopicrefractivesurgerymightincreasecornealpositive
sphericalaberration,whilehyperopicrefractivesurgerymight
reduceit,eventonegativevalues
[17-20].Forthisreason,in
additiontoaccuratecalculationofIOLrefraction,cataract
patientswithpreviousrefractivesurgeryshouldreceive
corresponding aspherical IOL based on their corneal
sphericalaberration.
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